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 إنً سوح أيٍ سحًها الله
 إنً سوح انشهذاء انطاهشه
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Abstract 
In this work the effect of Titanium dioxide as an antibacterial agent is 
studied, this effect includes the effect of changing concentrations and 
wave length on the (UV) absorption. Theoretical model is proposed to 
explain the empirical and simulation relation. The theoretical relations 
for the change of absorption coefficient with wave length and 
concentration agrees with the empirical ones. This theoretical relation is 
based on Bose-Einstein distribution. The theoretical relation covers the 
range of (10000 – 80000 nm) and attains maximum value at about 2000 
nm. The empirical range cover the ranges of (200 – 600 nm), with peaks 
taking values 300, 400 and 500 nm. 
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 صملخــــــ
فٍ هزا انعًم حى دساست حأثُش أوكسُذ انخُخانُىو كعايم يحفض يضاد نهبكخُشَا هزا انخأثُش َشًم 
حأثُش حغُش انخشكُض وانطىل انًىجٍ عهً ايخصاص الاشعت فىق انبنفسجُت.وحى الخشاح نًىرج 
ايم نظشٌ نخفسُش انعلالاث انخجشَبُت وانًنًزجت، وأوضحج انعلالاث اننظشَت حغُُش يع
هزه انعلالت الإيخصاص يع انطىل انًىجٍ وانخشكُض حىافماً يع انعلالاث انخجشَبُت انًنًزجت.
 – 11110اننظشَت حشحكض عهً حىصبع بىص وأَنشخاَن حُث حغطٍ هزه انعلالت اننظشَت انًذي (
انحذود نانى يُخش. وَغطٍ يذي انخجاسب  1110نانىيُخش) ولًُخها انعظًً عنذ حىانٍ  11110
 نانىيُخش. 110و  110و  110نانىيُخش) بمًى لًُها  110 – 110( بُن
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CHAPTER ONE 
INTERODUCTION 
(1.1) INTERODUCTION              
(1.2)NANO SCIENCE AND TECHNOLOGY 
     Nano scale is related to nanometer, where 1 nanometer (1 nm) is equal to 
    mater.  
    Nano material are that material which exists as isolated non interacting isolated 
particles having dimension in the range(1-300 nm).the physical properties of Nano 
– partials is different from that of bulk matter (Lindsay,2009; Royal Society, 2004). 
Bulk matter is described by classical laws while Nano material are described by the 
laws of quantum machines   (Lindsay, 2009).  
    In 1959 Richard Feynman gave a talk to the American physical society in which 
the laid out some of the consequences of measuring and main puling material at the 
Nano scale this “talk there is plenty of room at the bottom” is reproduced in it is 
entirety in appendix B it dose a far better job than ever I could of laying out the 
consequences of a technology that allows us to carry out routine manipulation of 
material at the Nano scale the  remarkable technological implication laid out in 
Feynman’s talk from the basis of most people’s impression of Nano science but 
there is more to Nano science than technology Nano science is where atomic 
physics converges with physical and chemistry  of complex system quantum 
mechanics dominates the world of the atom typical Nano system may contain prom 
hundreds to tens of thousands of atoms (Emil, 2006). 
    Nano is a Greek word which means very small thing. Nano meters is the part 
which is produced one meter is divided into thousand million equal part. Thus 1 
Nano meter (nm) is equal      meter. 
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    Nano science is the study of phenomena and manipulation of material at atomic 
molecular and macromolecular scales where properties differ significantly from 
those at larger scale.  
(1.3)Research problem 
1- Using chemical drugs in curing disease cause severe side effects. 
2- Nano can contrition’s and structure on living organisms and germs.  
 (1.4) Aim of work 
   The aim of the work is to study the effect of changing Nano concentration of on 
its biological activity.  
(1.5)Thesis layout 
  The thesis consists of 3 chapters. Chapter one is the introduction. Chapter two is 
concerned with Nano science and        properties three.  
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CHAPTER TWO 
LITRRATURE REVIEW 
(2.1)Introduction 
     Isolated particles having dimensions in the range (1-300nm). The physical 
properties of nanoparticle is difference from that of bulk matter (1, 2, 3) .bulk 
matter is described by classical laws while Nano materials are described by the 
laws of quantum mechanics(4,5).  
(2.2)Nano Materials 
     Nano material are isolated particles in the range of ( 1-300 nm) , Nano material 
properties can be described successfully  by using quantum lows .the change of 
Nano structure changes optical electrical as well as mechanical properties .two one 
can control these  properties by controlling Nano size , shape ,spacing or structure. 
These changes are widely used in applications in medicine, electronics 
telecommunications as well as industry. ( Alagrrasi, 2013). 
(2.3)Quantum Dots  
    Nano particles can be have different geometrical shapes. It can be in the form of 
isolated spheres or in the form of isolated two dimensional layer .sometime they 
arrange themselves as rods or tubes forming the so called Nano rods and Nano 
tubes .it can form other shapes in two or three or dimensional space .surely the 
shape geometry or arrangement change the physical properties of Nano material . 
   Quantum dots are farcical nanostructure in which change carriers such as few 
electrons are confined in a small spatial region in host crystal in many cases the 
confinement potential of electron the quantum dote region is quasi partial and the 
number of trapped electron varies from few to thousands of electrons. 
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Quantum confinement profoundly affects the behavior of the systems electrons 
great by 1 flouncing their interaction such as quantum confinement of electrons 
(Masco, 2007). 
 
(2.4) Occurrence 
    Titanium dioxide, is naturally occurring oxide of titanium, When used as a 
pigment, it is called titanium white, Pigment White  (PW6), or CI 77891 ,It has a 
wide range of applications, from paint to sunscreen to food coloring. When used as 
a food coloring, it has E number . It has been estimated that titanium dioxide is 
used in two-thirds of all pigments.it is recently used in medicine and Nano solar 
cells. This chapter is concerned of with the Nano properties of titanium dioxide 
titanium is mineral that when interact with oxygen gives       .  
     Titanium dioxide occurs in nature as the well-known minerals rutile, anatase and 
brookite, and additionally as two high pressure forms, a monoclinic form and an 
orthorhombic form, One of these is known as akaogiite is an extremely rare 
mineral. It is mainly sourced from ilmenite ore. This is the most widespread form 
of titanium dioxide-bearing ore around the world. Rutile is the next most abundant 
and contains around 98% titanium dioxide in the ore. Titanium dioxide has eight 
modifications  , in addition to rutile, anatase, and brookite, three metastable phases 
can be produced synthetically (monoclinic, tetragonal and orthorhombic), and five 
high-pressure forms (α-Pb  -like, baddeleyite-like, cotunnite-like, orthorhombic 
OI, and cubic phases) also exist. ( Haldori, 2013). 
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Table (3.1) titanium dioxide types 
Form Crystal 
system 
Synthesis 
rutile tetragonal  
anatase Tetragonal  
brookite orthorhombic  
TiO2(B)  monoclinic Hydrolysis of K2Ti4O9 
followed by heating 
TiO2(H), hollandite Tetragonal Oxidation of the related 
potassium titanate bronze, 
K0.25TiO2 
TiO2(R), ramsdellite Orthorhombic Oxidation of the related 
lithium titanate bronze 
Li0.5TiO2 
TiO2(II)-(α-PbO2)  Orthorhombic  
akaogiite (baddeleyite-
like form, 7 coordinated 
Ti)  
Monoclinic  
TiO2 –OI Orthorhombic  
cubic form cubic P > 40 GPa, T > 1600 °C 
TiO2 -OII, cotunnite 
(PbCl2) 
orthorhombic P > 40 GPa, T > 700 °C 
 
    The oxides are commercially important ores of titanium. The metal can also be 
mined from other minerals such as ilmenite or leucoxene ores, or one of the purest 
forms, rutile beach sand. Star sapphires and rubies get their asterism from rutile 
impurities present in them.  
Titanium dioxide (B) is found as a mineral in magmatic rocks and hydrothermal 
veins, as well as weathering rims on perovskite.       Also forms lamellae in 
other minerals.  
 (2.5) Production  
    Titanium dioxide can be produced by many techniques according to process. The 
most common mineral source is Ilmenite . Ilmenite is treated with sulfuric acid to 
extract iron sulfate. The resulting synthetic rutile is further processed according to 
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the specifications of the end user, i.e. pigment grade or otherwise. In another 
method for the production of synthetic rutile from ilmenite the Becher Process first 
oxidizes the ilmenite as a means to separate the iron component. Rutile is the 
second most abundant mineral sand. Rutile found in primary rock cannot be 
extracted hence the deposits containing rutile sand can be mined. Crude titanium 
dioxide (in the form of rutile or synthetic rutile) is purified by conversion to 
titanium tetrachloride in the chloride process. In this process, the crude ore 
(containing at least 70 %      ) is reduced with carbon, oxidized with chlorine to 
give titanium tetrachloride; i.e., Carbo thermal chlorination. This titanium 
tetrachloride is distilled, and re-oxidized in an oxygen flame or plasma at 1500–
2000 K to give pure titanium dioxide while also regenerating chlorine. Aluminium 
chloride is often added to the process as a rutile promotor; the product is mostly 
anatase in its absence. The preferred raw material for the chloride process is natural 
rutile because of its high titanium dioxide content.  
   For specialty applications,        films are prepared by various specialized 
chemistries. Sol-gel routes involve the hydrolysis of titanium alkoxides, such as 
titanium Tetroxide 
    This technology is suited for the preparation of films. A related approach that 
also relies on molecular precursors involves chemical vapor deposition. In this 
application, the alkoxide is volatalized and then decomposed on contact with a hot 
surface 
 (2.6) properties of titanium dioxide 
   About 80% of the world’s titanium dioxide consumption are in paints, paper and 
plastics. Other pigment applications such as printing inks, fibers, rubber, cosmetic 
products and food account for another 8%. The rest is used in other applications, 
for instance the production of technical pure titanium, glass and glass ceramics, 
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electrical ceramics, catalysts, electric conductors and chemical intermediates. It is 
also in most red-colored candy. 
 Titanium dioxide is the most widely used white pigment because of its brightness 
and very high refractive index, in which it is surpassed only by a few other 
materials. When deposited as a thin film, its refractive index and color make it an 
excellent reflective optical coating for dielectric mirrors and some gemstones like 
"mystic fire topaz".  is a        also an effective opacifier in powder form, where it 
is employed as a pigment to provide whiteness and opacity to products such as 
paints, coatings, plastics, papers, inks, foods, medicines as well as most 
toothpastes. In paint, it is often referred to offhandedly as "the perfect white", "the 
whitest white", or other similar terms. Opacity is improved by optimal sizing of the 
titanium dioxide particles. Some grades of titanium based pigments as used in 
sparkly paints, plastics, finishes and pearlescent cosmetics are man-made pigments 
whose particles have two or more layers of various oxides – often titanium dioxide, 
iron oxide or alumina – in order to have glittering, iridescent and or pearlescent 
effects similar to crushed mica or guanine-based products. In addition to these 
effects a limited colours change is possible in certain formulations depending on 
how and at which angle the finished product is illuminated and the thickness of the 
oxide layer in the pigment particle; one or more colours appear by reflection while 
the other tones appear due to interference of the transparent titanium dioxide layers. 
In some products, the layer of titanium dioxide is grown in conjunction with iron 
oxide by calcination of titanium salts (sulfates, chlorates) around 800 °C or other 
industrial deposition methods such as chemical vapour deposition on substrates 
such as mica platelets or even silicon dioxide crystal platelets of no more than 
50 µm in diameter. The iridescent effect in these titanium oxide particles (which 
are only partly natural) is unlike the opaque effect obtained with usual ground 
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titanium oxide pigment obtained by mining, in which case only a certain diameter 
of the particle is considered and the effect is due only to scattering. 
In ceramic glazes titanium dioxide acts as an pacifier and seeds crystal formation. 
     The exterior of the Saturn V rocket was painted with titanium dioxide; this later 
allowed astronomers to determine that J002E3 was the S-IVB stage from Apollo 12 
and not an asteroid 
    In cosmetic and skin care products, titanium dioxide is used as a pigment, 
sunscreen and a thickener. As a sunscreen, it is notable in that combined with zinc 
oxide , it is considered to an effective sunscreen that is less harmful to coral reefs 
than sunscreens that include chemicals such as Oxybenzone and octinoxate. 
   Titanium dioxide is found in the majority of physical sunscreens because of its 
high refractive index, its strong (UV) light absorbing capabilities and its resistance 
to discoloration under ultraviolet light. This advantage enhances its stability and 
ability to protect the skin from ultraviolet light. Nano-scaled (particle size of 30–
40 nm) titanium dioxide particles are primarily used in sun screen lotion because 
they scatter visible light less than titanium dioxide pigments, while still providing 
(UV) protection. Sunscreens designed for infants or people with sensitive skin are 
often based on titanium dioxide and/or zinc oxide, as these mineral (UV) blockers 
are believed to cause less skin irritation than other (UV) absorbing chemicals. It is 
used as a tattoo pigment and in styptic pencils. Titanium dioxide is produced in 
varying particle sizes, oil and water dispersible, and in certain grades for the 
cosmetic industry it is also used extensively in plastics and other applications as a 
white pigment or an pacifier and for its (UV) resistant properties where the powder 
disperses light – unlike organic (UV) absorbers – and reduces (UV) damage, due 
mostly to the particle's high refractive index. Certain polymers the construction 
industry, but it only delays the oxidative photo degradation of the polymer in 
question, which is said to "chalk" as it flakes off due to lowered impact strength 
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and may crumble after years of exposure in direct sunlight if (UV) stabilizers have 
not been included. Used in the concrete or those used to impregnate concrete as a 
reinforcement are sometimes charged with titanium white pigment for (UV) 
shielding in 
(2.7) Photo catalyst 
       Fibers and spirals Titanium dioxide, particularly in the anatase form, 
exhibits photo catalytic activity under ultraviolet (UV) irradiation. This photo 
activity is reportedly most pronounced at the planes of anatase, although the {101} 
planes are thermodynamically more stable and thus more prominent in most 
synthesised and natural anatase, as evident by the often observed tetragonal 
dipyramidal growth habit. Interfaces between rutile and anatase are further 
considered to improve photo catalytic activity by facilitating charge carrier 
separation and as a result, biphasic titanium dioxide is often considered to possess 
enhanced functionality as a photo catalyst. It has been reported that titanium 
dioxide, when doped with nitrogen ions or doped with metal oxide like tungsten 
trioxide, exhibits excitation also under visible light. The strong oxidative potential 
of the positive holes oxidizes water to create hydroxyl radicals. It can also oxidize 
oxygen or organic materials directly. Hence, in addition to its use as a pigment, 
titanium dioxide can be added to paints, cements, windows, tiles, or other products 
for its sterilizing, deodorizing and anti-fouling properties and is used as a 
hydrolysis catalyst. ( Sohoo, 2012). 
(2.8)The photo catalytic properties of titanium dioxide 
Were discovered by Akira Fujishima in 1967 and published in 1972. The process 
on the surface of the titanium dioxide was called the Honda-Fujishima effect. 
Titanium dioxide, in thin film and nanoparticle form has potential for use in energy 
production: as a photo catalyst, it can break water into hydrogen and oxygen. With 
the hydrogen collected, it could be used as a fuel. The efficiency of this process can 
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be greatly improved by doping the oxide with carbon. Further efficiency and 
durability has been obtained by introducing disorder to the lattice structure of the 
surface layer of titanium dioxide Nano crystals, permitting infrared absorption.  
    In 1995 Fujishima and his group discovered the superhydrophilicity phenomenon 
for titanium dioxide coated glass exposed to sun light. This resulted in the 
development of self-cleaning glass and anti-fogging coatings.       Incorporated 
into outdoor building materials, such as paving stones in noxer blocks or paints, can 
substantially reduce concentrations of airborne pollutants such as volatile organic 
compounds and nitrogen oxides. A photo catalytic cement that uses titanium 
dioxide as a primary component, produced by Italcementi Group, was included in 
Time's Top 50 Inventions of 2008.  
   Attempts have been made to photo catalytically mineralize pollutants (to convert 
into     and    ) in waste water.  Offer        great potential as an industrial 
technology for detoxification or remediation of wastewater due to several factors:  
The process uses natural oxygen and sunlight and thus occurs under ambient 
conditions; it is wavelength selective and is accelerated by (UV) light. 
The photo catalyst is inexpensive, readily available, non-toxic, chemically and 
mechanically stable, and has a high turnover. 
The formation of photo cyclized intermediate products, unlike direct photolysis 
techniques, is avoided. Oxidation of the substrates to        is complete. 
   Can        be supported as thin films on suitable reactor substrates, which can 
be readily separated from treated water.  
The photo catalytic destruction of organic matter is also exploited in photo catalytic 
antimicrobial coatings, which are typically thin films applied to furniture in 
hospitals and other surfaces susceptible to be contaminated with bacteria, fungi and 
viruses Hydroxyl Radical Formation 
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Although         pigment does not absorb visible light, it does strongly absorb 
ultraviolet (UV) radiation (   ), leading to the formation of hydroxyl radicals. This 
occurs when photo-induced valence bond holes (  ) are trapped at the surface of   
       leading to the formation of trapped holes that cannot oxidize water.  
    +    →    
     
            
  
      
               
  
    
          
                           Note: Wavelength (λ) = 387 nm. 
This reaction has been found to mineralize and decompose undesirable compounds 
in the environment, specifically the air and in wastewater. (L. H. Li. J. C, 2010). 
(2.9) Literature review  
   Different papers were published to study Nano         properties. (Rees 
D.Rawlings, 2009; Donald R. Askeland, 2011). 
Two type of highly ordered        nanotube were grown by oxidation on titanium 
foil and titanium films deposited by   rf- sputtering onto transparent conducting 
glass. Highly ordered        nanotubes were grown by anodic oxidation on 
titanium foil and titanium films deposited by rf-sputtering onto transparent 
conducting glass        and their photo-electrochemical parameters were 
characterized and compared to each other(Abdelnabi , 2016; Ammar, 2013;idriss, 
2016). 
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CHAPTER THREE 
MATERIALS AND METHODS 
(3.1) Introduction 
   The use of        as antibacterial compound is related to its absorption to 
ultraviolet light.to make        very effective medically one needs to know the 
factors that affect the absorption of        to ultraviolet light. 
(3.2)Theoretical relation for dependence of         absorption coefficient on 
medium density and wave length. Consider a vibrating atom, having 
displacement x, velocity v and acceleration given by: 
                        
                          
                                                               
The equation of motion of the electron in the present of electric field of strength E 
and friction   is giving by: 
                  ̈                                 
The friction coefficient is assumed to be proportional to the number of particles 
density of the medium no, i.e. 
                                                               
Inserting equation (3.2.1) in equation (3.2.2) gives: 
                   [      
  ]                            
                  
  
[       ]
 
           
            
                
But the polarization or electric moment is given by: 
                          
   
 
[
      
       
]   [       ]            
Thus the real and imaging electric susceptibility is giving by:  
            
    
       
 ,   
  
 
[
 
       
]              
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On the other hand the current density takes the form 
  
  
  
 
     
    
  
                             
                               
=                                         
                                                                      )      
The relation between absorption coefficient and the wave length beside medium 
density can be found by considering an electromagnetic wave propagated in the 
positive x-direction such that its intensity is given by:  
                        
                               
Such that: 
                        .     √                       
When one neglects    with respect to  . But  
From (3.3.10) 
         
                                              
In this case: 
      √    =
 
√ 
[   ] √    
      √     (
 
 
 
 
√ 
) √             
 
Comparing real and imaginary parts, one gets, the absorption coefficient to be: 
                                   
 
√ 
√    
√   
 √             
This relation shows that the absorption coefficient is inversely proportional to that 
but when: 
                                                                              
Equation (3.2.16) given. 
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      √       =  √    ,         ,     √              
Here one assumes that     is constant. 
The absorption coefficient giving by equations (3.2.7) and (3.2.3) according to 
equation (3.2.7) for the case when. 
                                                               
Or gets:                                     
   
    
          
Using equation (3.2.3) and assuming that the concentration of free carriers to be 
equal to the medium concentration, I, e. 
                                                       
 
Thus, one gets:                     
   
   
    
          
But since:                                                     
Thus equation (3.2.15)takes the form: 
                         
   
 
 √     
                                           
Thus ( )  is proportional to the concentration. 
The relation between     versus     can be also found by using the expression for 
the wave function for harmonic oscillator of a free weave, i.e. 
                                                
 
 
 
 =   
  
             
If absorption is due to loss of energy by friction. Thus E is imaginary i.e. 
                                          
 
 
m    
            
Thus equation (3.2.24) given. 
   
 (
     
 
   ) 
 
But  
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Thus                                | |     
 (
      
  
   
) 
 
But the intensity is given by 
   | |                                  
     
                                 
Thus the absorption coefficient is given by: 
                                              
       
  
   
          
Hence:  
  
 
  
          
One can also use Bose-Einstein distribution to describe the absorbed ultraviolet 
wave and assuming it to be absorbed from a black body source. In this case the 
absorbed radiation intensity is equal to that emitted by the source. Thus according 
to statis77tical laws for single frequency (ultraviolet), one gets 
      
 
 
    
   
  
  
 
     
   (3.2.31) 
Gets for large exponential term one  
  
  
  
         
   
  
  
  
  
   
    (3.2.32) 
  
  
  
      
  
     (3.2.33) 
Thus one have extremism value at 
  
  
   [   
      
     ]     
  
    (3.2.34) 
Thus one have extremism at 
        
          
  
 
 
   
 
     (3.2.35) 
            (3.2.36) 
The relation of versus    , versus       and   versus    and   versus no can be 
displayed graphically by equations (3.2.24), (3.2.30) and (3.2.23). 
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CHAPTER FOURE 
RESULTS AND DISCUSSION 
(4.1) Introduction 
In this chapter the simulation theoretical curve is compared with the empirical ones. 
The empirical relations which shows the relation between intensity and wave length 
beside the theoretical simulation relation are exhibited in this section 
(4.2) Results and Discussion 
 The theoretical relation in Figure (4.1) starts from 10000 nm, then it increases 
abruptly till reach max peak at 20000 nm. The curve suddenly decreases till it 
attains minimum value at about 500 nm then rise again. The empirical curves in 
Figure        (4.2) have the same shape in the range 200 nm to 650 nm especially 
curve B which starts from 200 nm increases gradually till it attains its maximum 
value at about 300 nm then it decreases suddenly till it attains minimum value at 
about 550 nm  then increases gradually till it   reaches a maximum   value at about 
650 nm. 
The empirical curve in Figure (4.3) increases abruptly till reaches maximum value 
at about 410 nm the decreases abruptly till it ends at 550 nm. This curve resembles 
the theoretical simulation one in the range (10000 – 30000 nm). 
However the empirical curve in Figure (4.4) starts from maximum value, then 
decreases gradually till it became minimum at 380 nm. It then increases abruptly 
till ut became maximum 500 nm then it again decreases abruptly. 
In general the simulation curve resembles the empirical ones but the ranges need 
adjustment of parameters according to the experimental conditions. 
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Figure (4.1) Theoretical Simulation relation between absorption                        
 
 
  Fig (4.2) Empirical relation of absorption wave length ( Yu, Bai, 2013) 
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Figure (4.3) Intensity versus wave length (Itani , 2017) 
 
 
Fig (4.4) simulation   relation of versus    (Yu. Bai, 2013) 
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(4.3) Conclusion 
    The theoretical relations that related absorption coefficient with wave 
length and medium density agrees with that abstained from experiments 
and simulation these relations agrees with common sense.  
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